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THE SMALL HEAT-SHOCK PROTEIN HSP27 SHOWS DECREASED
EXPRESSION IN OA-CHONDROCYTES ANDMEDIATES IL-6 SECRETION IN
HUMAN ARTICULAR CHONDROCYTES
S. Lambrecht, F. Almqvist, P. Verdonk, G. Verbruggen, D. Deforce,
D. Elewaut
Ghent Univ., Gent, Belgium
Purpose: HSP27 (HSPb1) is one of the small heat-shock proteins (sHSP), a
protein family characterized by a molecular weight below 30 kDa. Recently,
we reported the differential expression of alphaBcrystallin, another sHSP
(Lambrecht et al, Arthritis Rheum, 2009). Based on the functional and
structural relationship between alphaBcrystallin and HSP27, we further
performed differential expression analysis on HSP27. We aimed to achieve
further insights in the involvement of small heat-shock proteins, more
speciﬁc HSP27, in the biology of chondrocytes.
Methods: Western blot and real-time RT-PCR analysis were performed to
determine the expression levels of HSP27 in healthy and OA chondrocytes
cultured in alginate beads. RNA-interference mediated gene knock-down
was used to explore the role of this small heat shock protein in IL-1b
activated pathways by transfecting low concentrations of siRNA in cultured
chondrocytes. Upon knock-down of HSP27, cells were stimulated by IL-1b
and IL-6 concentrations were determined by ELISA.
Results: Western blot of healthy and OA chondrocyte lysates showed a
decreased abundance of HSP27 in OA. Moreover, real-time RT-PCR con-
ﬁrmed the differential expression at the mRNA-level between chondrocytes
isolated from visually intact and visually damaged zones of OA carti-
lage. The pro-inﬂammatory cytokines IL-1beta and TNF-alpha, both down
regulated HP27 expression. Transfection of low concentrations siRNA in
cultured chondrocytes resulted in an eﬃcient knock down of HSP27 gene
expression. This decreased HSP27 expression results in a reduced secretion
of IL-6, in response to IL-1b.[[Unsupported Character - &#61486;]]
Conclusions: This study adds to the evidence that small heat-shock pro-
teins may be important mediators in chondrocyte biology during the
development of OA. Our study showed the involvement of HSP27 in IL-1b
induced IL-6 secretion in human articular chondrocytes.
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CALCIFICATIONS IN OSTEOARTHRITIC HUMAN ARTICULAR CARTILAGE:
ASSESSMENT OF CALCIUM COMPOUNDS THROUGH AN EX VIVO
INVESTIGATION BASED ON XANES SPECTROSCOPY USING SYNCHROTRON
RADIATION
C. Nguyen1, H.-K. Ea1, D. Thiaudière2, S. Réguer2, D. Hannouche3,
M. Daudon4, F. Lioté1, D. Bazin5
1UMR-S 606, INSERM & Paris Diderot Univ.; PRES Sorbonne Paris-Cité;
Lariboisière Hosp., Paris, France; 2Synchrotron SOLEIL; L’Orme des Merisiers,
Saint-Aubin, France; 3Orthopaedic Surgery Dept.; Lariboisière Hosp.; Paris
Diderot Univ.; Assistance-Publique-Hôpitaux de Paris (AP-HP), Paris, France;
4Service de Biochimie A; Necker Hosp.; Paris Sud Univ.; AP-HP, Paris, France;
5Laboratoire de Physique des Solides; Paris Sud Univ., Orsay, France
Purpose: Calcium (Ca)-containing crystals (CCs), including basic calcium
phosphate crystals and calcium pyrophosphate crystals are associated with
severe forms of osteoarthritis (OA). Recent reports strongly support that
mineralization of articular cartilage is an indissociable process of OA. The
imbalance between extracellular matrix components can promote cartilage
mineralization. However, the role of Ca compounds in this process is poorly
understood. Our aim was to assess the presence and the crystallinity of Ca
phosphate phases between areas with or without calciﬁcations in human
OA articular cartilage.
Methods: Six patients (mean age 74±9 years), who underwent total knee
joint replacement for primary OA, were randomly included. Ex vivo spec-
imen included femoral condyle and tibial plateau cartilages, from both
medial and lateral compartments. Clinical data and preoperative knee
X-rays were obtained. For each femoro-tibial compartment, 6 samples
were collected, consisting in 1-mm-thick slices, cut either tangentially
or perpendicularly to the articular surface. CCs presence and biochemical
composition was assessed using Fourier transform infrared spectroscopy.
Next, Ca compounds composition and distribution was assessed using
X-ray absorption spectroscopy (XAS) synchrotron radiation, a large scale
instrument, at the Ca K-absorption edge.
Results: Overall, 12 samples were analysed using both techniques. Ca
compound forms differed between areas with or without calciﬁcations. In
non-calciﬁed areas, tissue non diffusible Ca displayed speciﬁc XAS spectra,
compared to calciﬁed areas, in which each crystal type had a particular
XAS ﬁngerprint. Strikingly, when cartilage was calciﬁed over than 15%,
the percentage of tissue non diffusible Ca dramatically decreased, with Ca
compounds mainly involved in the calciﬁcations.
Conclusions: We provide ex vivo direct structural evidence at the atomic
scale of Ca phosphate phases differences between human OA cartilage
areas with or without CCs. In calciﬁed areas, Ca compounds are mainly
involved in the calciﬁcations, with CCs Ca phosphate phase becoming the
predominant detectable Ca phase.
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THE NUCLEAR ORPHAN RECEPTOR NR4A3 IS REQUIRED FOR MMP-13
AND ADAMTS-5 EXPRESSION IN HUMAN CHONDROCYTES
M.H. Stradner1, D. Krusch2, H. Angerer1, F.C. Fürst1, D. Setznagl1,
M.-L. Kremser1, W.B. Graninger1
1Med. Univ. of Graz, Graz, Austria; 2Karl-Franzens Univ. of Graz, Graz, Austria
Purpose: In osteoarthritis (OA) gene expression of chondrocytes is dereg-
ulated towards catabolism, leading to progressive cartilage matrix degra-
dation. The mechanisms responsible for this imbalance are not fully
understood.
Nuclear orphan receptors act as ligand-independent transcriptionally acti-
vated regulator proteins. In a global analysis of nuclear receptor expression
in OA cartilage by Collins-Racie et.al. the nuclear orphan receptor NR4A3
was found to be highly deregulated. As its function in chondrocytes is
still unknown, we evaluated the inﬂuence of NR4A3 on chondrocyte gene
expression.
Methods: Human cartilage specimens were obtained from patients un-
dergoing total knee joint replacement. Chondrocytes were isolated using
collagenase B. Primary human chondrocytes and the human chondro-
cyte cell-line C28I2 were grown in monolayer and cultured in Ham’s
F-12/DMEM (1:1) and 10% FCS. Expression of NR4A3 was evaluated by
reverse-transcriptase PCR. For siRNA knock-down of NR4A3 cells were
transfected with speciﬁc anti-sense oligonucleotides using lipofectamine.
After 24h gene expression of ADAMTS-4 and -5, MMP-13, iNOS, aggrecan
and pro-collagen II, was investigated using real-time PCR.
Results: NR4A3 mRNA was found to be expressed in OA chondrocytes and
the C28I2 cell-line. siRNA knock-down achieved 60% (± 4%) reduction of
NR4A3 mRNA expression. The decrease in NR4A3 expression led to a de-
cline of MMP-13 expression by 52% (± 9%). Furthermore ADAMTS-5 mRNA
expression was reduced by 50% (± 3%). Gene expression of ADAMTS-4,
iNOS, aggrecan and pro-collagen II remained unaltered in the presence of
diminished NR4A3 expression.
Conclusions: We conﬁrmed the expression of the nuclear orphan receptor
NR4A3 in OA chondrocytes and C28I2 cells. Furthermore its presence is
required for maintenance of MMP-13 and ADAMTS-5 expression. Therefore
NR4A3 could be a novel promising therapeutic target in OA chondrocytes.
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OPTIMIZED ALKYLATED CYCLODEXTRIN POLYSULPHATES RESTORE
OSTEOARTHRITIC CHONDROCYTE EXTRACELLULAR MATRIX
METABOLISM
S. Groeneboer, S. Lambrecht, A. Dhollander, P. Jacques, B. Vandercruyssen,
K. Devreese, D. Elewaut, G. Verbruggen
Ghent Univ., Gent, Belgium
Purpose: To compare the ability of different cyclodextrin polysulphate
derivatives to affect human articular cartilage cell metabolism in vitro and
to act as Disease Modifying OsteoArthritis Drugs in vivo.
Methods: OA chondrocytes were cultured in gelled alginate and
exposed to 5 μg/ml of 2,3,6-tri-O-methyl-β-cyclodextrin (ME-CD),
2,3-di-O-methyl-6-sulphate-β-cyclodextrin (ME-CD-6-S), 2,6-di-O-methyl-
3-sulphate-β-cyclodextrin (ME-CD-3-S), (2-carboxyethyl)-β-cyclodextrin
polysulphate (CE-CDPS), (2-hydroxypropyl)-β-cyclodextrin polysulphate
(HP-CDPS), 6-monoamino-6-monodeoxy-β-cyclodextrin polysulphate (MA-
CDPS) or β-cyclodextrin polysulphate (CDPS) during 5 days. Effects on
IL-1-driven chondrocyte extracellular matrix (ECM) metabolism was as-
sayed by analysis of the accumulation of aggrecan in the interterritorial
matrix and by the release of IL-6 in the culture supernatant. MA-CDPS,
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HP-CDPS, CE-CDPS and CDPS were analyzed for their in vitro effect on
coagulation and their ability to activate platelets in an in vitro assay to de-
tect possible crossreactivity with HIT (heparin-induced thrombocytopenia)
antibodies. CE-CDPS was selected for further qPCR analyses, in order to
investigate whether this compound directly inﬂuences the gene expression
of IL-6 and aggrecan.
Results: The monosulphated cyclodextrins ME-CD-6-S and -3S failed to
affect aggrecan synthesis and IL-6 secretion by the OA chondrocytes.
Polysulphated cyclodextrins MA-CDPS, HP-CDPS, CE-CDPS and CDPS at 5
μg/ml concentrations, on the other hand, signiﬁcantly induced aggrecan
production and repressed IL-6 release by the chondrocytes in culture. Five
μg/ml of CE-CDPS, in contrast to MA-CDPS, HP-CDPS and CDPS, did not
signiﬁcantly activate platelets and thus showed no potential to induce
HIT thromboembolic accidents in vivo. Therefore, CE-CDPS was selected
for further qPCR analyses. These analyses conﬁrmed the anabolic and
anti-catabolic proﬁle of CE-CDPS.
Conclusions: CE-CDPS is a new, structurally adjusted sulphated β-
cyclodextrin derivative with preserved chondroprotective capacity and
a promising safety proﬁle.
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REGION SPECIFIC CELLULARITY OF ARTICULAR CARTILAGE IN THE TIBIAL
PLATEAU OF THE MATURE SPRAGUE-DAWLEY RAT
M.L. Roemhildt, K. Anderson, B.D. Beynnon, M. Gardner-Morse
Univ. of Vermont, Burlington, VT
Purpose: Despite the frequent use of the rat in models of osteoarthritis
(OA), little has been reported regarding the normal cellularity of articular
cartilage (AC) and how this varies regionally in the AC across the rat
tibial plateau. In this descriptive study, we evaluated the regional and
zonal-depth speciﬁc cellularity of AC in the rat tibial plateau in mature
animals.
Methods: Tibial plateau from ﬁve male Sprague-Dawley rats approximately
12 months of age were collected. NIH guidelines for the care and use of
animals were observed (n=10 specimens). Specimens were formalin ﬁxed,
decalciﬁed with 10% EDTA, and paraﬃn embedded. Serial, 5 μm-thick,
coronal sections of the posterior half of the tibial plateau were deparaf-
ﬁnized and stained with Hematoxylin and Eosin prior to examination under
light microscopy. Region speciﬁc (periphery, central and midline) measures
were determined by dividing each compartment (medial and lateral) into 3
equally spaced regions (Fig. 1). Depth speciﬁc measures (superﬁcial: 0-25%,
mid: 25-50% and deep: 50-100%) were determined by dividing the AC
thickness into three zones from the surface to the tidemark. Chondrocytes
with visible nuclei were counted in each sub-area for each compartment.
The cellularity of the AC (chondrocyte number/AC area) was determined
for each sub-area. Three slides were evaluated for each leg. Analysis
of variance was used to compare mean cellularity across compartments
(medial, lateral), regions (periphery, center, and midline) and zonal depths
(superﬁcial, mid, deep). Post-hoc pairwise comparisons were performed
using Fisher’s LSD procedure.
Results: The overall mean cellularity of the lateral compartment was 130%
that of the medial compartment (p=0.004). Cellularity varied signiﬁcantly
by depth and region within both the medial and lateral compartments
(p<0.001 for each; Figs. 2 & 3). In the medial compartment, the overall
cellularity progressively decreased with increasing depth from the surface
(p<0.001 for each comparison). Comparisons across regions found that the
cellularity of the medial periphery was 180% that of the center and midline
regions (p<0.001).
Similarly, in the lateral compartment cellularity decreased greatly with
increasing zonal depth (P<0.001 for each comparison) with the cellularity
of the deep zone only 36% that of the superﬁcial zone. The cellularity of the
lateral compartment was signiﬁcantly different for each region (p<0.02)
Figure 1. Articular cartilage of the tibial plateau illustrating the sub-areas evaluated in
each compartment.
Figure 2. Articular cartilage cellularity of the medial compartment (mean±SE).
Figure 3. Articular cartilage cellularity of the lateral compartment (mean±SE).
with the mean cellularity highest in the periphery and least in the center
region.
Conclusions: Compartment, regional and depth speciﬁc variations in AC
cellularity were observed in the tibial plateau of mature Sprague Dawley
rats in this comprehensive evaluation. The lateral compartment had a
higher cellularity than the medial compartment and in both compartments
cellularity was the highest in the superﬁcial zone and the periphery region.
Since all animals in this study were of the same age it is not known if
some of these variations in cellularity may have developed with aging.
These observed variations in cellularity across the tibial plateau may cause
regional variations in response to experimental interventions. Care should
be exercised to compare similar locations across animals in experimental
studies.
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CHANGES IN THE ENDOPLASMIC RETICULUMAND GOLGI COMPLEX FROM
CHONDROCYTES ARE RELATEDWITH THE OSTEOARTHRITIS
PATHOGENESIS
M. Almonte Becerril, J.B. Kouri
Centro de Investigación y de Estudios Avanzados del Inst. Politécnico Naciona
(Cinvestav-IPN), México, D.F., Mexico
Purpose. The aim of this study was to identify changes in the endoplasmic
reticulum (ER) and Golgi complex (G) from chondrocytes of the three zones
of the whole cartilage since early stages of Osteoarthritis (OA) pathogenesis.
Methods. The experimentally OA-induced model was accomplished by uni-
lateral knee menisectomy and post-surgery training; normal rats were used
as a control. Animals were sacriﬁced by CO2 overdose and right femoral
condyles were removed and processed for either electron microscopy (EM)
or Immunohistochemistry (IHC). Structural changes in the ER and G from
chondrocytes were identiﬁed at 1, 2, 3, 4 and 5 training days (td) by EM.
In addition, changes in the protein expression levels of ER (calnexin) and G
markers (58-k9 protein) were evaluated by IHC at 5, 10, 20 and 45 td.
Results. During early stages of OA, chondrocytes undergo changes at mor-
phological as well as at ultrastructural levels. These changes started in the
superﬁcial (SZ) and middle zones (MZ), showing a prominent ER develop-
ment with expanded cisterns and enhanced G membranes. At the same
time, chondrocytes acquired a rounded form and showed cells associations
